The natural properties of flexible beam is measured by using machine vision in which the image of vibrate flexible Beam is acquired continuously. Different from the previous contact measurement methods, the binary processing method and centroid method is utilized to binarize the image and extracts the position of marked point. Gathering and calculating the position information preprocessed in MATLAB indicates the natural properties of flexible beam. Furthermore, the test results compared with the theoretical analysis verifies the validity of the proposed method.
The principle diagram of flexible beam natural properties test based on CCD
Extraction of marked point coordinates
The experiment trace, test and record the domain information of displacement by the marked point on the flexible beam. The material of beam is steel 210, and its color tends to black, while the marked point is white, as shown in Fig. 2 . The conditions of the marked point is uniform color, clear edge, and the small area, however, it can not be too small so that it is difficult to identify [5] . After binary processing of the collected images [6] , the marked point becomes clear. Using centroid method extracts the position of marked point. Supposing the gray value is expressed as ( , ) f x y , 0 , 0 x j y j < < < < the coordinate of centre-of-mass is given as follows:
Supposing the coordinate of static marked point 0 x is ( , )
x y , and the coordinate of exercise marked point is ( ) ' , ' x y at a certain time. Then the displacement of image S is expressed as follows:
Supposing a the distance between the analyte and the optical center; R is the real displacement of the measured point, and S is the image displacement of linear array CCD. The ratio relation between the measured objects and image can be written as:
Inserting S in formula can obtain the vibration displacement R .
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Calculations of frequency and damping ratio
The flexible beam is a system with damping, energy consumption resulting in amplitude decreasing gradually in the process of free vibration. The solution of system with damping is expressed as follows:
A is the vibration amplitude, ζ is the damping ratio, n ω is the natural frequency of undamped system, and d ω is the circular frequency of vibration with damping.
As is shown in formula (3), the vibration of system is not constant amplitude harmonic vibration, however, the amplitude is limited at the range of n e t A ζω − ±
, and it decays constantly with time. π ω = (5) Fitting time domain signal attenuation curve with e ct A , the result is found to be n c ζω = − (6) The frequency and damping ratio can be obtained according to Eqs. (5) and (6).
Test results
The maximum image resolution is 1292×964, and the maximum frame rate of camera is 30fps. The type of image acquisition card is DH-VT121 [7] ; it has high image quality and stability. Fig. 3 shows the marked point C at the end of the flexible beam. The first two collected images of flexible beam are shown in Fig. 4 ; the first frame is the image at the time 0 t = , the second frame is the image at the time 0.03 t = .
(a) The first frame (b) The second frame Fig. 3 Flexible beam Fig. 4 The first two collected images of flexible beam The collected images shown in Fig. 4 are preprocessed in MATLAB. First, it reads images when the flexible beam is in stationary and dynamic respectively, and makes binary processing of the collected image, then, using centroid method extracts the position of marked point, the image displacement can be obtained by subtracting the image coordinate between the stationary and dynamic images of flexible beam; at last, the domain response of the flexible beam, the waterfall diagram, the frequency, and the damping ratio can be obtained by the converting between image displacement and actual displacement.
The time domain chart and time frequency map can be obtained by the processing above; the results are shown in Fig. 5-Fig. 7 , they are expressing the domain and the frequency dynamic responses of the flexible beam marked at point A, point B and point C. From the graph, the amplitude of different marked points is different, and the amplitude of C point domain response is maximal, then general trend is identical at the point B and the point C of the flexible beam.
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Mechatronics and Information Technology The data fitting between the time domain signal attenuation curve of three marked points and e ct A is shown in Fig. 8 , calculating the frequency and the damping ratio by MATLAB is expressed in Table 1 . The numerical results of frequency is 14.21 by theoretical calculation, it is shown that error is very small between image processing technology and theoretical analysis. Moreover, the damping ratio is consistent at the three points, and it meets the experimental requirement. Damping ratio 0.0012 0.0013 0.0014 0.0013
Conclusions
The domain and frequency natural properties of the flexible beam are obtained simulated by force-hammer based on CCD and image processing technology. Binary processing of the collected signal can decrease the environment interference. Centroid method is used to extract the position of marked point. The domain response of the flexible beam, the waterfall diagram, the frequency, and the damping ratio can be got by the converting between image displacement and actual displacement. Though comparing, it is found that the error of frequency is very small, and the damping ratio is consistent at the three points. Thereby test result proves that the testing method has the characteristics of simple operation, high efficiency and high accuracy.
